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(54) PHOTOCATALYST, ITS PRODUCTION AND PHOTOCATALYTIC REACTION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a photocatalyst capable of exhibiting its catalytic 
activityeven by irradiation with visible light and to provide a photocatalytic reaction method 
using the photocatalyst under irradiation with visible light. 

SOLUTION: Ions of one or more kinds of metals selected from among Cr, V, Cu t Fe, Mg, Ag, Pd, 
Ni, Mn and Pt are incorporated into Ti02 from the surface toward the interior by >1 x 1015 
ions/g-Ti02. Ions of one or more kinds of metals selected from among Cr, V, Cu, Fe, Mg, Ag, Pd 
and Pt are accelerated to high energy of >30keV, radiated on Ti02 and introduced into the 
Ti02. Photocatalytic traction is allowed to take place in the presence of the resultant 
photocatalyst by irradiation with light in the region from UV to visible light. 



LEGAL STATUS 

[Date of request for examination] 30.09.2002 

[Date of sending the examiner s decision of 
rejection] 



http://www19.ipdljpo.go.jp/PA1/result/detail/main/wAAAYHaynnDA409262482P... 2004/09/03 



(19)B*Bft?ftf (JP) (12) Q ^f) >£f Q (A) <H)»SWHB&W## 

#51^9-262482 

(43)&HB 9 *?<1997) 10JJ 7 B 



(51)lntCL 6 
B 0 1 J 35/02 
B 0 1 D 53/86 
53/94 
BO 1 J 21/10 



F I 

B 0 1 J 35/02 
21/10 

23/22 



j 

z 

A 
Z 
A 





ft«¥8-3H176 


(71)fflSA 


590000455 










(22)ffliSB 


¥<£8^(1996)1U§8B 




^cecasiK^y re3tb 3 #9 






(72)38W* 


2c« IE— 


(31)«5fcffcl3RS^ 








(32)ffi$fcB 


¥8(1996) 1^220 








B* (JP) 


(72)»^# 










AE^«?*^HBI 1 - 1 AHBffti:*^ 














(72)?693# 










^«iRJg#Tp*^004 -67 






(74)ftSA 













(54) \5m<7>z,m mm. ymmmms^m^rfyamR^m 



(57) [Stt] 

[» Cr« V, Cu, Fe, Mg, A g . P 
d N Ni, Mn fc«fcl/P t A^e.«cSSf^e>StR*ti* 1 
«Jl±a>£JB©<f r*»!><1 x10l5-f*>/g-TiO 

*o Cr, V, Cu, Fe, Mg. Ag, Pdfccfct/P 

tA^e.«:SP^6Stf?**i3 1 fUa±©£Jg©f 

3 OK e VJil±©i§x^;u^-lijboiiLr. S$fbf^> 



(2) 



*$H8¥9- 2 6 2 4 8 2 



[MOM] Cr.V.Cu. Fe.Mg.Ag.P 

Tl**Cfcft»«fcT*#Jll«o 
[II*H2] Cr, V x Cu, Fe, Mg, Ag N P 

fIia±tf>£JS(7M7J->ft 3 0 KeVtt±©Hi*W- 

* * > A T * d ft «» 4: T 4 ttMKttB S^Sfco 
[!fi#H 3 ] M$9I 1 HE*0*M«©*ffiT. am 

& pia^OAftBBW LTjtKJEBtfT'3 C £ ft«F»fc 

*^6^a*a>«ftB*Bfb»lcBH»UT»JBRJEBftff 
[M3MI 5 ] i§3£JI 1 KE»D#««©?ftrF. 3m 

z £ ft »»h r 3 7f >o*tt<bSJ«^ao 

[000 1 ] 

Qrt«»attft*«rs^k^-c#s**ktts xif* 

BMTr©B*B<bto0>#«KS5. 7^>CDfltt<bSJ£ 

s 2 ti £ * ;u ^ - <b&m << * > ft saw r * - 1 \z 

■9^JS>f * > ft 3IAT £ -f * >j£AS«M urnso 
£«>f * >ft»fb^* >IC^A LfcftMJKKMr SfcCD 

[000 2] 

[se*oa*] »b^^>icj:**/Mi«sj»i*. Sisr 

* u-vicjiifix^^-ftftq&x+^^-icsHftrsai 
^iSfos^air^t LTai*ft, an*»fb&*r^<w6 

«Sttftfil±d**fc»a)3HatS^fb^P t, Ag. N 
i &*r(D&«>Sftk pJ«*fitt (r)4 00 nm-800 
nm) (DTtftfiJffll-^fetos fe*ftB<b^*>l;:iR»£ 

[000 3] LfrLfctf*. C ft* X(0%M1&T\*fo 3 
8 0 n m J: K> ti«l^«a)«MIII«Tlif*fflt5^, 

fc£*iT£fco Mil** ftt*©Bfb**>*m*ft*M! 

zmzzitzrz&iziz. ?m^>y<D^ot^^ytmm 



[0 0 0 4] 

7^>ftiT(Z)?*aT-cfia«-rsc:fciCctsa»H{b%KD 

<fc ^ ><D*ttftSJtB & t©5t»ttSlt63J 
>*ftS#tf^^i:-c^^o 
[0 0 0 5] 

[»Hft#$*-r*fctf>(D*«] *#gB£#bli. ±EKB 
ic;wrf£«^*>a>IB»ftW^fcfcc:5. M<^$z 

t \z&&(Di&m <i*>*mtT*> \zmx $ it x m 6 n 

»IliEfc£ftT*fcpr«ftTS« (W4 0 0 nm-8 0 0 n 
m) (D^qSiRft^C ^a*©3fc«l8rF-ea>B*« 

««sjKi-»a-c>sttft^-rctftauttsu, c^i 

[0 0 0 6] r&*>^* **Bfl«i. Cr, V, Cu, F 
e. Mg. Ag. Pd s Ni, M n J: VP t fre>&£ 
Sf^t>atRdtiS 1 fIW±CD£JI<ZM:*>tf 1 x 1 015 

a^&rt8Pic«***irt\*^i:ft»*frs*M!ttftSi 

G±-f £*,(DT:£>So **BJ3I*. Cr, V N Cu, 

Fe, Mg, Ag, P cU Ni, Mnfiil/Pt^bft 
£Bfr&WR**i* 1 «tt±a>ftB0M*>ft3 0 K e 

vw±o>wx*;u^-icioiSLTx mtT*>\zmm 
L/x R*«-f ^>ftB<b^^>ic*A-rsc:t&i$at 
ra**MKa>BJfi»aft»flw-*tia>"c*fto s&i;:* 

J5/Sft^r3 C fc ft»«i:r a*««SJtB*SSfta«r s 

[000 7] **B^(Z)^««liB<b^^ >IC»S©*K 

^tl^^S^^Xi. Cr, V v Cus Fe, Mg, A 
g. Pd, N i s Mn^t/P t *^ t>fc*S¥fr e>g|R<* 
tiS 1 Btt±0)ftJBa)-f * >T^> 0 . L < It C r s 
V, Fe, N i N MnTr^O. 4$llW^L<liC r s V 
T:$>£o ^/cx B^IE^^i^^>CD^?5l^ ^ f$l3$lJPS^L^ 

r«r*i*tf*u. >&fe. >iA«i*x »<b^^>4> 
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[0 0 0 8] WHIT 2 >IC^A£ti&£Jg^*>CD3SA 
m\t. 1 x 1 0l5-f*>/g-Kfb5 L ^>W±T*^o 
£JS>f *><D£AM<D*tfc(;i. BMb*-*>1 gSfcDO 
£iS>f *>0DS££^To ^I-f^XDiAI^I x 1 0 

L< fcl^ £JI-f*>a>^A*<D*?g= Ll>$SS 

Us £«^*><z>«£k .to a«i x 1 oi6 

-5 x 1 018-Y X>/g-mitT*><Dmmtftti£ u 

[00093 a*rc3o£>K<t^ >ic*a* nfc*«-f 

*><D 9 0%J5A±tf«fb^* XDrtSUKHMEr* 3 t 
J:0eL<, S&lZfcJl-f *>0>9 5Xtt±A<«{b^ 

cd 9 9%tt±*raHb^* >a>rta»;:#*r3z 

it, SItSifrbl 0 0 0 A(DM£(Dm\z&&TZ>Z. 

£&H£l<, mzmmtmmfr* 3 o o Atomz ota 

\Z&&TZZttf1ti£L^o ZZiZ. BMbf^XDrtSU 
izmXZtirz&BHX^t. &)-lZft®L£tlTl\2>Zt 

WiOOo awr^^Hfb^^ >£ LTli, T 

i 02x SrTi O&ZWmf etlSo »fb** 
>©ttJMBtt. tfSL ;u^ju 

*«Bflo)3fe««i*. mrse^a-f^-vsKfb^^xoaas 

tt*tf»«ll». 7tM«(D»^a)¥ 
«DfiSl*x »I^MB«ct^ % ii3M-1 OOOnmCDiS 
HfDtCD-C^tLl^ct < , Sfg; L < (2 1 — 500n m(DS 
it^^ U<f*5 — 5 0 nm(DfiB'Cft5o 

[0010] **w©«««©Ka*»izsi^Tii, c 

r. V v C tu Fe N Mg N Ag x Pd x Ni , Mn^ 

*>*3 0KeVtt±a>»x*iU*-CjSoaLT. 1Mb 
**>lZlfMtf * 0 &JB-< *>a>X*;U4*-tt % 30K 
eVttltfiS*, #£L<[3:50-400KeV£>$5 
H-C^Os »IZ»3;L<I*1 00-200KeV(DSi 



lis £H'f;*><Z>«5BK:j;g«&*A<x I«1x1 0™ 
-1x1 019-f ^>/ C m2or>BHA<ffSU<. 1 
x1 016-1 xl o17>f ^->/cm2cDi5ffl^W^ t 

& 0 <t>&ji * xd» % ^ r o 

[0 0 1 1 ] *«0fl<D3fe«««:f#Sfe4blCffl^<E>n-2>fe 

t:>^(0^l9:i^#!lffl*tiTt^s-f 3j->>±Aa"Cfe0v tin 
m <* ft rz m*- * ;u =p - cd^js -< * > & * mwt&n \z mm 
2i£zz£\z&o&m4x>z*mt*iz>±x[s. *mt* 

mts m**>b£Tz&mttw<Dmm&&\z&mm2ft 

[001 2] *«^<D*<tt«©«a»airfet^Tfltfflr 

Li>o Bfb^^xott*<z>^ef5ii. tticttliB&i' 

. Sffi 1 — 1 0 0 0 n m(Dmm<D$,(DT-2bfti££ < , 
*?£L<I;M- 500n m(Z)j6ra"Cfe 0 . £ L < 

(i5-50n m(D£5g|Tr£>&o 

[0 0 1 3] *^0^CD7 l c^!i. #*#W*li*,fc*A, 

0 0 — 8 00 nm) <D3fc(Dq&iJXtf;&e C 5 G ZCDfzisb, * 
^B^CDTt^^ 4 ffl U T b pja* <D% £ «5ftt L "C 

coiefflHo)^. «xtfa*^*. #^**«4s*iri^ 
m$ftz&9i%fr%^mft<Dft<D}&m(D&& Li^m 

it. 2 5 0 — 5 00 nm(D(5HT-*So **BJi(7)^«a 

»ic*'Jia&<*tt«sica)«aici6i;rag: 

[0 0 14] **«<D«««S*»S*lifit^-Cttffl*tl 

-rtitfcfct^^ a»/s»i ^e^uafeo o. 01-10, 
ooog^^o *mm$tffl&fcfc<Dmt Lxit. m 

7L\i. *»*^6^a*(D*fta*»{b%(DfiFttTICfc 
i^T^JilwBHWLTdlBSiCftfT^BRKfbWrod** 

fcfcijm. &ftftfr$^ffift<Dft*7T><D&&T\zn 
i*Tfttemiz&mLxmmt&&*'n? ztznmtr 

commit, y^-2-7T>^h7>X-2-7T>P B 1 

[001 5] sfc, «««a)%«iffisjEe(7>^a>fiba)m^: 
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'J v> • T^-^U>Z(J>%7^ J EdJ5££JSx CO + H 
2CH — >H2+C02Ocfc-p3&5t*tt*"^i/7 h • 

[00 16] *««(D%«tiK(4. *©3fett«»tt**iJfl§ 

-r^ciiiccfco. *»*Ba»TtiL<f4ii*T3&^a>fir^ 

T##U **»fbrsci:*<RllEfc:ft4o **G>*i« 

£o *«E<B^«Kfl5*SI4* SS-eff^Ct^Trl 
*ft\zmm2tit. ilttO-2 0 0°CG)SST:fT 

[00 1 7] 

[f¥«] *«W©5tM«©«ftll«Srt?««lCO^-C(4x 
3K«E0)i:^5W6^T?l4&l^s S6*J:OS3ta*iTSfc 

ri:L\5*^a)>a)*i4±<*3SL3&t^i:^t>s 

m<iT9><Dm*ftm\zmmw£.c. pt«**"»ir-cs 
^^sscD^jBit-f * zT'&mcof&mtmiz 



»*J;<*fTT*t^fcJRfc*iSo 
[00 18] 

>omm\*. h;a7xsims (x }xm^^>sa^m 
ao . fccti/xps cfco^ofeo 

[0019] sgkm 1 
*»{*0>^M«I<7> K-lf>yiCffll>S 2 OOKeV'f^ 
>>±A^M^fflt^x V^^>^iQSLT1 5OKeV0 
xJJM^-ICUT* W5fg2 1 nmTfe^&fb^* 
> (t^-**±1^ jg D °n£ : P-25) Id. V-f *>flBW 
S£7. 5 x 1 015^^>/ C m2|- LT&BftL. mt 
T5> >\ZV 4 *>£>±ALfc 0 f#e>*ifcV-f :*>tf#A 
£ ftfcBHb^ * > ib ft i> V -f * >(D»«ttlB 

€r=;*7cS I MS^cfcl/X PSI3J: OJM^Lfce*. V 
^^->^AM(47. 5 x 1 0l6^*>/ g - T i 0 2 T: 
^•9. BMb^^>0)*Hi:*fflft>e) 2 0 0 Aa>5S«*a>H 

ztiT^zzttfwmTstxrco ±iea>j: 5 mutual 
rev * * >zm\LtzM<bT$ >fre>fc*#««©*m 

[0020] mmm2 

V-f^t>0)>±Alfe^$:TIBa>J:5^rSJam4x SlJfiWI 

*QSx^;U4^- : 1 5 0 K e V 
V^^>»B^a:1. 5X1 Ol6<^>/cm2 

mzfrrzv 4 x>&m>\£ titzMitr* >fr*Kzftte 

«<DV-r^><7)»»«J!6S:H;*7cS IMS J: t/X P S 
l3«fcO;M*UfctSIR. V^t|->«ASI41 . 5x1 0 17 
*f*>/g-T i O2T:^)0x ^b^^>co^®^^® 

^e>2 ooAoas* ©mortar v*f ^>*aio)9 9 

JZLtzo mbtifzWLi&X'O H^il I^^L/co 
[00 2 1 ] SSJS0J3 

V-f*>©}±A*ft*TIEa)J:'5lcrSW^4x ^iffi^J 
1 ^HttlCL-CV-f *>saALfcB<b5 1 ^ >^6 3&S 

iDiSx^yu^- : 1 5 0 K e V 
V-f^>ra^g:3. 0x1 0^^>/cm2 
t#btl/cV^^>^A^^^:^<bf 1 ^>^e)4^^tt 
«CD V ^ * ><D#tfcttS§ ^E^jcSIMSBctZ/XPS 

rccfcoai^ufcte*. v-r^>3iA»i43. 0x1017 
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2 o o AcD^^cDPo^cDrtaJic v^^>^xacr>9 9 

±I5CDct 5 \Z LTHK Lfe V *f * >£^A LtzmitT* 
>fr 6 ft »I«*«iR^^* MU&SBI 

[0 0 2 2] lt«« 1 
8Ht^*> (T^tfttBL ffiSfi : P-25) CD*** 

4 0 0 n mttT0>*^**«fl>*©*4Rfl!)**<jBC 0 * 

* -f * >a ASK «t D >iA L fcBf b^ 1 * >*tt«±-e 
I*. 4 00nm^±(D^tg*OilRiR^ec:o-C^$«TF 

[0023] gyse»j4 

^tfO^WttO) K-tT>^lCffltvS 2 0 0 K eV^ 
>>±AStfi£/l?l>. C r^^V^APilLT 1 5 0KeV 
CDX^JU^-ICUT. ¥#)*u^2 1 nm-Cft5B<bf 
(^"frttBk Sd°d«» : P-2 5) IZ, C r -f*> 
ffittSft 1 x 1 016-f 7l">/cm2|3LTBB»L. 1Kb 

XI C r^>^jiALrco ibteCr^^ 
*A**ifeBfb^^>^eft**««(Z)C r ^^->cd^ 
ttttlB*=2*7cS IMSSAlfX P SKcfc 0»*LfclS 

C r * >2?AMI* 1 x 1 017-f *>/g-T i O 
»ft**>©*Hfc*W*6 2 00Aa>Sc* 
CDRflCBrtaH;: Cr^ >«A10) 9 9 %a±tfR 

tt©**^^****^* MU*»AC r -f 

[00 2 4] 5 

Cr-f *XD>±A*^S:TE<7)c*:-5lirSJ.U^(*x H«§ 
«4 LTCr -f *>£5iA LfcHfb? 1 * >frb 

»Dain:^;u^- : 1 5 0 K e V 
C r -f *>B8«* : 1 . 5 x 1 0 16^ * >/ c m 2 
?#t>*ifcC r -f *>3y«A**ifcBft^*>A*6ftS* 
«S(DC r-f*>G>»««IS*=;*7uS IMSfc^t/X 
PSKlcfcOfflSLfctt** Cr-f *>«A*»1 . 5x 
1 0l7«<*>/g-T i O2"Cfe0. mtT*><DZm 

twmfrk 2 o o &<Dm$v>r3<Dft$Hzc r-f *>»a 

fi<D 9 9 %a±^KIS«D-l3»«* tiTU* C tfit&S 
fcBft^ * > 3^ 6 ft 6 **JKa>*»*-«I«*«« X ^ 

[0 0 2 5] MM6 

C r^*><D5±Aft»S:TE<Z>«fc-5lcr*tt*H*x Sl«fi 



ft4**M**H»U&o 

Mfcx*^*- : 1 5 0 K e V 
C r *f : 1 2x1 016-f *>/ C m2 

if e>tt^C r >f *>ft«»A**ifcBfbf L ^>3!l*6ft** 
ftMKaC r -f *>©»«««8*=;*5£S 
P SlCc£0»£L/c*SJ|ls C r-r*>^Afil*1 2x 1 
0l7>f7|->/g-T i O2"C^0. BHb^* >a>3*fflfc 
«ffi^€> 2 0 0 A©ag$(DIHa)l*lSPlzC r -f^>^AI 
099 %JA±#Kffi$— (3 jMR* tiX n £ d £ tf«B£ 
ttfeo ±K©J:'5l;:LTUi8iLfcC r -f*>MXlfc 
■Mb* 9 > 6 ft 3 - X ^ £ 

HU£>fflS:U£o W^tifcR**'^ h>U^H12l3^L 

fco E)2ck0x tt««i ^|S|«fcHfb^^>*ariiA 

> K=F* v7I^ft3 8 0nm-C,ft4 0 0 n mttTOSR 

<fcO>±AL^K{b^^>*««±-Cl*. 4 00 nmlM± 
old. *«BflO)SSG)&ja-f *>*«*U/zK<b^^> 

[0 0 2 6] Xltff7 
**f*^(BT*61tKD K-K>yiCfflt\* 2 0 0 K e V 
*>3A8i*ffil^ Fe^>ttllT1 5 0Ke 

(yyifttKx iSS£ : P-2 5) IC. Fe^ 
>Ba«»S:7. 5 x 1 ^>/cm2|3UTfia*f 
U 8ft^^>i:Fe-f*>*iiALfco ilbtifcFe 
* * > * A * ftfcKfb?- * > 6 ft 5 *««(7) Fe-f 
^■>0»««8l*=;*7cS I MSfc<*:tfX P Sl^<t 
^L)c*S^. F e-f ^>^Ag(i7 . 5x1016^^-> 
/g-Ti 02T:^'9 N mtT* ><D&m £ SHBA" e> 2 

0 0 A(Dg^©Raa>rtSH3F e^^>^Al(D9 9%W 

[0 0 2 7] ^fii^J8 

Fe^f^ >©;iASttSTIBOcfc 5 iCT^i-M^Kix USS 
0) 7 ^ n«|z L T F e -f * > *a A L TzMit^ 9>fr*> 

JDSx^j^- : 1 5 0 K e V 

F e-f *>BS$r© : 1 . 5 x 1 Ol6^7|->/cm2 

» 6 tife F e * > A«« A $ tifcKib^- * > «E» ft ^> * 

*«<DF e^*>a>»*«»*H;*7cS IMS»J:tfX 

PSICctOSWSLfce*. Fe-f*>*AW1. 5x 

1 0l7^^>/ g _T i 02T:^»9v Kfb^*>G>£B 
hiS^b 2 0 0 ACDS^tDreKDrt^lZF e^^->^A 

[0028] USS^J 9 

F e-f ^><7)>±A*ffSTEa)J:-5^raJa*H*x H)5S 



(6) 



^§8^9-2 6 24 8 2 



M&mtJl*- : 1 5 0 K e V 
Fe^«i:3. o x 1 0 * >/c m2 

PS^J:Offl^L^tgm. F e-f :*>i3ASI*3. Ox 
1 Ol7-r*>/g-T i C^Tr&O. Mf^>0t® 
hil^b2 0 0 A(7»l?^orBlO|*)gPl3F e-f *>^A 
MO) 9 9 %&±tf l£l£*9-lC#fifc£ tit iv £ C <b tf*I§g 

[00 2 9] HJ&fll 1 0 
4^#0>^*4%CD K- \Z>7lzm^Z> 2 OOKeV^ 
>>3EA?IM£flHK F e^;*>£aDiILT 1 5 0KeV 

(T^ttttBk K a ° D £ : P-2 5) IC, Fe^*> 
ea^J1^2. 2 x 1 0l5^^>/cm2fcLTRB^L. 
mt^^>\ZF e^^>^}±XLfz 0 mznrzF e-<X 
> ft<« A £ n £ S£f b? 1 * > £ ft 3 AftfeagO F e -f * > 
a>»»«SS«:=;*5ES IMSfc^l/X P Sl^cfc "9>M^L 
fct£»* F e -f :* >a? ASJ* 2 . 2x1 0l6^^>/ g 
-T i 02Tr£>»3, mtT* >©«Bfc*Bl^ 2 0 0 
Aa>3»*<©H©rtffll;:F e^^>^A!0 9 9%W±tf 

0 IC L/TliiS L^: F e -f >£^A Lfc&fb^* >fr 6 
[003 0] ncrn 1 1 

«1 0 fc|s)»l;:LT F e-f >T>^;iALf«f 

*D3x*JI,=F- : 1 5 0 K e V 

F e-f : 6 . 6x1 Ol5^^>/cm2 

««©F e-r^->0)»*«»€:E;*7cS I MSifccfctfX 
PSfCj:f3>|JSLfcttjfts Fe-f* >^AMIi 6 . 6x 

1 oi6^^>/ g -T i O2r-fe0x mtT*>G>mm 
tmwfr*2 oo Acorns (OKotomzF e><x>m\ 

znrzo ±m<D£o\zLTmmLtzF e-<x>zm\L 

tzWiitT * > t> ft & ftflm<DXft*^l?8E3fcRiR -X ^ 
[003 1 ] 1 2 

Fe-f*>a>aA»f**TiBa)j:dc-r«a»tt. mt 

«1 0 fcRttl: Ur F e *>taA LfcBftf ^ 

fttf§x*;u¥- : 1 5 0 K e V 

Fe^>M : 1 . 3x1 016^^>/cid2 



F e -f *>#*A**ifcK<b^* >fr&tt«% 
«*S(7>F e>f *>a>#»ttJB£=#!5ES IMSfc«j:t/X 
PSi;icfcO»!SLfctS«. F e -f * >»A«I* 1 . 3x 
1 0l7<<*>/g-T i 02"C£>9. BHbf^XB*® 
fcJ*BBfr& 2 0 0 A<Z>M2(Dffi(Dft%HzF e *f *>^A 
&(0 9 9 %«±jM5l»S-fc»** *1T lv£ Z £ #«iS 
£*l/c 0 ±IBO)ct^lCLTli^L^F e^>^AL 
tzmtT* > * 6 ft * A- , sja*«iR X ^ 

U£o HI 3 J; 9, Bft^*>*»T?tt/^>K*^y^« 
*«W3 8 0 nmTrft)4 0 0 n mttTa>#»#«*<D*(D 
■k*0>*ft«3ECfJ. TC3fe1Htt®ftftJRI*£<&£&ft 
frofctf. Fe-f*>t-f*>ax»i:J:9aXLfci 
fb** >7t««±Tli. 4 0 0 n m tt±©pJ«*<Z>"RiR 

[00 3 2] ftttffl 1 3 
4^#<D^$$%CD K- £ V^lCffil** 2 OOKeV^^- 
>>±A£«£ffllK N i -f ^>^ADSLT 1 5 0 K e V 

(^^ittt®. BS* : P-25) \Zm \ N 
RS»fiS:2. 2 x 1 ^->/cm2|cLTRa»fU. 
Mf^XCN i ^>mLfco f#£*T,fcN i -f^ 
>^A^n/c^b5 1 ^>^e?5:^7 , 6^^N i -f 
<D#IM*S££ = ;£7tS IMSfej:l/X P SK:J;i9>MSL 
tS^x N i -f :+ >^AMIi 2 . 2x10l6-f^>/ g 

-t i 02x-$>k>, mtT*><Dmmii$kmfr*> 200 

^\ZLTmmLfzN i -f ^>*»AUfcKfb^^>^6 

^*Bi4ic^ro 

[00 3 3] ^SS^iJ 1 4 

N i ^^->(7)>±Alfe^S:TIEa)J;5^-rsW^I±. ^Sfi 
«1 3£ffim\ZLTN i -f *>*)iAUfcKfb^^>^ 

»DSx^;u=p- : 1 5 0 K e V 
Ni^^>B8|fl: 6. 6x1 Ol5^^>/ cm 2 

« e>n^N i -r*>^*A**ifcK<b^^>^e>fts^ 

««CDN i -f *>0>&tttt!*«=%7cS IMSfectt/X 
PSlZj:0i«ftLfcje*\ Ni^^>^ASI^6. 6x 
1 016^^>/ 9 -t i 02-C^O. Bfb^^>oaffl 

tmmfr* 2 0 0 AcD^^cDr B i<7)rtgpi^N i ^^->^a 

SCO 9 9 %VL±mZ\$X)-iZ&®L2tlTl\Z Z £ tfWBl 
Ztitzo ±IfiCDJ:3l-LTlgS?L^N i ^^>^?AL 
fcMfb^^>^6ft*^tta)*^*^aft»iRX-c 

[0034] ussey 1 5 



(7) ^9- 2 6 2 4 8 2 



*D2x*;^- : 1 5 0KeV 
NiW^>B8»I: 1. 3 x 1 016^^>/ C m2 

fW£0>N i *>(Da«tt«*=;*7cS I MSfc<J:lfX 
P SIC ot93i!l^U fclSS. NW:*>^Ami*1. 3x 
1 Ol7-f:*>/g-T i O2T:$>0s 8Mb^*>0>»H 
tiIA^2 OOA<DSS£©M(BrtSJK:N i -f*>a|A 
fiCD 9 9 %tt±^l3cl3E«D-IC»»$ tlT H 3 3 t tfitSS 

fcKf b? 1 * > * 6 £ «r«*»48 * ^ 

A> K^*y y«A<W3 8 0nmT:fi4 0 0 nml^TCD 

JtllJi<g:^/ror:^ N i -f *>>3EA;£ 
ICcfcO>±ALfeKfb^^>7tftfe«±T:li. 400nmtt 

[0 0 3 5] Hffift) 1 6 

^«#CD?M1toa) k- \±>trizmi*z 2 0 0 K e V-f •* 
>»A£B£ffllK MrW#>&j>n»LT 1 50KeV 

^ > (T^-^ttl^ AS« : P-25) Mn^> 
B8«**1 x 1 015-f ^>/ C m2|cUTBa«Lx Kfb 

»A*tifeMib^-^ >^e>3&S*««0)M n -f :* 
»tt!B *=;*7uSIMSfcJ:U r XPSIC<fcO>»lffiLfc*S 
MrW X>mAm\*1 x1 0l6^^>/g-Ti O 

2"e^o. Hfb^^xosffitaffi^e 2 oo a<D)Sc* 

WKLfcMn>r*>&*ALfcBMb?-* >6^e>«cS*tt 

©BBiShLTa^ufeo fte^/cq&iRx^ mush 5 

[0036] HiaSft) 1 7 

Mn-f*>a>aX*ff*TIBa)J:olirfttt»ia:. 

«n etmmizLZMnj *>*>iALfc»fb^^>^ 

iDSx^;^- : 1 5 0 K e V 
Mn^>Ba|(i : 3 x 1 Ol5>r^>/cm2 

» 6 ttfc M n -f * > A * tifcBHb^ * > * S * 
P SlCJ:0a«SLfce*H Mn-f *>35ASI*3 x 1 0 

*>/ g -T i mt^^xommtm 



S^b2 0 0 A<7>^2<DP B 1(7>rta5U:MrW X>mA&<D 
f: 0 ±I50)ot5lc:LTli^U/cMn>r^>^«AL^K 

^co ElScfcO. ttttftM fcn«K»<b**>*aTMi/f 
> K** v7ffl/)«W3 8 0nmT:^4 0 0 nmJUT<MR 

tt±<iBc6ft^Qfc^ Mn>f^->^^^>)±A^IC 
«fc 9>iALfc»fb^*>#tt«±7:te N 4 00nm«Lt 

5(3. *«^©»^a>*«-f ^vss^ufcBfb^^v 
fix »i«*!a«a)*S:"RiRrs^i^x se*Ti*#x.e> 

[003 7] Xffiffl 1 8 

:7x>a>H1£fb£JS 

5 om i co/w ^^^xis^xm^^^\zmmm4\z 

rfflBLfcC r -f *>*AS<b^*>*ttt«2 5 0mg 
*A*iTtt»Lfco Kffl*»». 20Torr©^- 
2-7f>^iAUs >&H4 5 0 nmWTOjtSft¥7 

2, OOOMW/cm2<D#£v;*-2-:/^><7>?¥& 
T-e*««lCfiB»L. SS-C^VOMttfbJSJfBSfTo 

fco Z<D&%k*m6\Z^Lrz 0 
[0 0 3 8] tttt«2 

8lca3l\TCr-f*>S»A»fb^^>**tt(D 

til*l*JIIKft1 8^|5|«llCLTv^-2-^7 L >a)Stt 

TTrli. Hfb^^>#aTli»^rJ5i63b<aiff u&i^lc 

wits *»c r-f *>m\mtT*>fttemz& 
mrzztizjio, v7-2 -7t><d 1 -y^>. h 
^>^- 2-^^>-va>^ttfb^^^ic^tNTt,7t 

[003 9] USSff) 1 9 
-KfbB*©»»SitB 

5 0m 1 (D/W U^^X^'^^^Sgf||C||SS^J4IC 
TlS^U^cC r-r*>»ABfb5^>3£«»2 5 0 m g 
^A^SItLrco Kffi»SH*. 2 0 T o r r ©— Efb 
If^^ALs }«^4 5 0 nmttTOft**?7-f;^ 
— ICTjglfT LfcTKffi^ > 3/^:^6;®^: Ll x SS"C-SMb 
»*©»*?KJSS«:fTofco C^t^roMM^, 0 

oo/xw/cm^rfeofco JEi64a»ftit>ru>y 

-f-ICTN2v 02. N20(D±J5Jt«S:«aRPJ(C»LT 



(8) ^¥9-2 6 24 8 2 



[0 0 4 0] Ittttt 3 

6^ft<fc5IC t?J4 5 0 nmtt±(DnI«*fiB*rTTttx 
B^Cr^ >«AK<bf * >*M«£<$ffl «T £> C k II 

[004 1 ] §t*g#J 2 0 
7t XDHttfbEJS 

5 0ml <Z)/W U v^X*'^^HSSS»im«E«l1 IC 
Tli^L/cV^^->^AStfb^^>7 , 6M^2 50mg$ 
AtiTttSLfco jHffl»Sl«. 20TorrO^-2 
-7f>^ALs «^4 5 0 nmftTO****7-f 
^^-iZTaKLfcTka^vrft^feSBkLT. BRA 2, 
0 0 0MW/cm2^^y7- 2-7f>(Di?aTt: 
*««I^BB«Lx aa"t?^>©*ttfbEJ6ftfT ^to 

[004 2] JtRft 4 

J±K^!J1 T:^fflbyc^^b^^>*^i^fflC^^lU 

^liHSSffil 2 0 £ [5)«ic: LT - 2 - 7x >a>#lt£<b 
EJ&fcirofco Z(D^m^m8\Z^t>itX77kLizo 08 
fr&H&fr&«fc?{;:. ^4 5 0 nmW±©^J*Mi»T 

*«w©v-f*>*A«<b^^>3t««t(effl-rs 

CklCctO. y^-2-7f>©1 -7f>* K5>>* 
~2-^7 1 >^<DS1tfbEl6/)<^!CfeUT^^tt«E 
J£k bTJtft^cfc < atffT 3 C o 

[0 0 4 3] HJfc#J2 1 
-»flsB»0>»«E* 

5 0ml <D/W by **#^*»£38BICjSJ60!l1 13 
xmmLtzV 4 X >mxmtT* >XMt&2 5 Orng* 
AtiTSilLfco XS»tl%^ 20Torr (D-B<bB 



fgGD#ft?EfS£fTo£:o Z<D£$(Z>yt<Dm&{* 2 , 0 0 
0AtW/cm2-c^o/c o EfS£/S%*1* >yj > ^ 

~ICTN 2 . N20(&±JSS£g®B#F B llCttLT3£«L 
[0 0 4 4] 

*»E©*tt«l*. Btt*B«lifc%3 

A,<Dzt. zti£x-^m£j*nx$tt®.itmm<Dyt 

* ^ b rJ*&# <D3fc £ !S » L T If * (Z> * EI6 4 1S3I 2 it £ 

^k*<T^^o *«jtK<DKa*a, ft 

[B2] *&Bm-mmmx&zftMm<DmHft^m 

[0 3] *«^0>-*««T?feS*ttK©SSI^--priS 
[B5] ^fSWro-RJtw-cfesftttatoJRn*--^* 

[86] *^B^(7)-||3ffi^ijr^^7 , 6tt«$:^U)c^ 
><D«14f bE*SS?*l:: ft N 1 -7^> x h^>^- 
2-^>±rt©«iiB»BBI3»r4±J««**«U&BI 

[0 7] **«(D-*Jt«-CfeS*«««:flefflLfc-K 
fba*0)»«EJ6*-a(Ctet\T, N2v 02. N20^ 

<D&mmf&izttTz±f&m*m&LrzmT:tb2>o 
[08] ♦fswro-^itwraD^^tta&ttfflLfc^ 
>o)«ttfbE«?*aii33^T. 1 -y^>, h^>*- 
2 - >*fiEa)ea^PBiic»r s ±f&m^& u £0 

[0 9] *«W0)-*Jt«r*4*M«ftfiefflLfc-Bl 
fbB*©»«EJ5B»aiCftt^T. N2x N20*lSCDSii 



(9) 



^§§¥9-2 6 2 4 8 2 
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(10) 



&§§¥9-2 6 2 4 8 2 
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I : N,0 



(51)Int.Cl.6 H89l» /trt^S#^ FI StfiSt^SSFfi 

B 0 1 J 23/22 B 0 1 J 23/26 2 

A 

23/26 23/34 Z 

A 

23/34 23/38 Z 

23/70 Z 

23/38 Z A B A 



(11) ^9-2 6 2 4 8 2 



23/70 6958-4 H C0 7C 5/23 

ZAB 6958-4H 5/25 

23/745 6958-4 H 11/08 

23/755 C 0 7 B 61/00 3 0 0 

C 0 7 C 5/23 B 0 1 D 53/36 J 

5/25 1 0 2 G 

11/08 BO 1 J 23/74 3 0 1 Z 

// C 0 7 B 61/00 3 0 0 3 0 1 A 

3 2 1 Z 
3 2 1 A 



(72)*I8* ft» -C 



(72)&Bfl# fifl'J 

K«*ttfflJBW^SWffilKr6 1 -30- 5 - 
202 



